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Detailed report 



(Name of patent) 
Lighting equipment 

Abstract 
(Object) 

This invention improves Ughting efficiency. 
(Construction) 

This invention consists of a light source consisting of a lamp 1, reflector, and 
condensers 3, 4 which refract light from the light source in a predetermined direction. 
The incidence side and/or output side of the condenser lens 4 are aspherical surfaces 
designed so that the angle of incidence, the output angle, and the illuminated area on the 
manuscript stand satisfy a predetermined relation r (0). Instead of a condenser lens 4, a 
Fresnel lens sheet with a changeable focus is used. 



Sphere of new patent application 
(Claim 1) 

Claim 1 is concerning lighting equipment which has the following characteristic. 

In the field of lighting equipment used to enlarge and project images of a 
manuscript using an optical lighting system to project the image of a manuscript placed 
on a manuscript stand. 

The optical lighting system in this invention consists of a light source, a 
condenser lens which refracts light from the light source in a predetermined direction, 
and a light assembling step consisting of a pair of Fresnel lens sheets which assembles 
light through the condenser lens to the projection lens. 

Also, the incidence side and/or output side of the condenser lens 4 are aspherical 
surfaces designed so that the angle of incidence to the condenser lens, hght output from 
the light source, and the lighted area on the manuscript stand where the fransmitted 
manuscript is placed satisfy the predetermined relation r (0) given by the following 
formula 1. 

Formula 1 



In the above formula, 9max = maximum angle of incidence for the condenser lens; Rmax 
= maximum radius of the illuminated area. 

(Claim 2) 

Claim 2 is concerning the lighting equipment in claim 1 which has the following 
characteristic. The above optical lighting system has at least two condenser lenses. One 
or more sides of these condenser lenses has the aspherical surface as described above. 



(Claim 3) 

Claim 3 is concerning the lighting equipment in claim 1 which has the following 
characteristic. The optical lighting system consists of a condenser lens with a spherical 
surface next to the hght source; 

A Fresnel lens sheet with a Fresnel surface is placed in front of the condenser lens 
so that the angle of incidence of light from the light source and the illuminated area of the 
manuscript base satisfy the predetermined relation r (6) given by formula 1 . 

(Claim 4) 

Claim 4 is concerning the lighting equipment in claim 3 which has the following 
characteristic. A flat plate glass is placed between the condenser lens and the Fresnel 
lens sheet close to the condenser lens. A ventilation passage is set up between the flat 
plate and the Fresnel lens. 

(Claim 5) 

Claim 5 is concerning the lighting equipment in claim 4 which has the following 
characteristic. The flat plate glass has a multi-layer film coating which reduces 
transmission of UV or infrared. 

(Claim 6) 

Claim 6 is concerning the lighting equipment in claim 1 which has the following 
characteristic. Of the pair of Fresnel lenses which forms the light assembling step, the 
focal distance of the Fresnel lens sheet on the incidence side changes in accordance with 
the distance from the optical axis of the light source. 

Detailed explanation of the patent 
[0001] 

(Field of industrial use) 

This invention is concerning lighting equipment which is used as the light source 
for projection devices such as overhead projectors. 

[0002] 
(Prior art) 

Formerly, for example, overhead projection (OHP) devices have been used in 
classrooms or large halls. These devices enlarge and project the image of a back lighted 
manuscript consisting of letters or figures written on a transparent onto a screen. 
[0003] Figure 1 1 shows one example of an optical lighting system for an overhead 
projector device. The main body 41 of the overhead projector 40 contains an optical 
lighting system consisting of optical elements such as a lamp 42, a reflector 43, a 
condenser lens 44, and a light assembling part 45 with, for example, a pair of Fresnel lens 
sheets opposite each other. In addition, the upper part of the light assembling part 45, in 
other words, near the upper side of the main body 41, there is a manuscript base 46 where 
the manuscript to be transmitted - for example, an OHP sheet - can be placed. 
[0004] The lamp 42 consists of, for example, a halogen or metal halide lamp. For 
instance, it is placed at the focal point of a spherical reflector 43. By this, light from the 



lamp 42 dispersed in the opposite direction from the manuscript base 46 is reflected and 
retumed to the manuscript base 46. This increases efficiency of the lamp 42. Light that 
is either output from the lamp 42 or reflected by the reflector 43 is assembled by a heat- 
resistant convex condenser lens 44. Light is incident onto the light assembling part 45 
with a predetermined angle. 

[0005] The Fresnel lens sheet on the incidence side of the light assembling part 45 
coUimates light from the condenser lens 44 as parallel light. The Fresnel lens sheet on 
the output side transmits this parallel light through the OHP sheet (not shown in the 
figure) on the manuscript base 46. It is also designed to direct light to the projection lens 
47 on the upper side of the Fresnel lens sheet. Light transmitted through the OHP sheet is 
enlarged by the projection lens 47. The light is then reflected by a turning mirror 48 
which is placed above the projection lens 47 so that it becomes almost horizontal. The 
image is enlarged and projected onto a screen 49 which is hung on a wall, etc. 
[0006] Figure 12 is an enlargement of the above optical lighting system. The optical 
efficiency of this optical lighting system is studied by assuming the lamp 42 is an 
isotropic point source. The angle between the optical axis of light incident to the 
outermost perimeter of condenser lens 44 and the center of the lamp 42, in other words, 
the angle of incidence of the condenser lens 44 is adopted as 0. The solid angle (o of the 
input surface of the condenser lens 44 from the center of the lamp 42 (regarded as 
circular for convenience) is given by formula 2 below. 
Formula 2 
CO = 2:1: (1 - cos 6) 

Meanwhile, since the solid angle of entire perimeter of the spot light source is 4k, the 
ratio of light incident onto the surface of the condenser lens 44 to the light from the point 
source, in other words, the usage ratio of light bundles s is indicated by the following 
formula 3. 
Formula 3 
s = (l -cose)/2 

[0007] With the overhead projector of the prior art, the lamp 42 and reflector 43 are 
combined. Light which is dispersed in the direction opposite from the manuscript base 
46 as indicated in figure 11 is reflected by the reflector 43 and input to the condenser lens 
44. Therefore, in principle the optical efficiency of this optical lighting system is 
approximately twice that given by s. 

[0008] 

(Problems that this invention tries to solve) 

With the overhead projector of the prior art, the angle of incidence 9 is, for 
example, 53 to 65°. The input ratio s is approximately 20 to 30 %. However, when the 
lamp 42 is used with a reflector 43, it becomes possible to have a maximum angle of 
incidence 0 of approximately 90°. It is also possible to have an input ratio s of 
approximately 50 %. However, as the angle of incidence 0 approaches 90° to increase 
efficiency, a hot spot is formed on the Fresnel lens sheet of the light assembling part 45 
and the center of the manuscript base 46. Therefore, a good image cannot be acquired. 

[0009] 

(Steps for solution) 



In order to solve the above problems, this invention has the following features. 

In the field of lighting equipment used to enlarge and project images of a 
manuscript using an optical lighting system to project the image of a manuscript placed 
on a manuscript stand, 

The optical lighting system in this invention consists of a light source, a 
condenser lens which refracts hght from the light source in a predetermined direction, 
and a light assembling step consisting of a pair of Fresnel lens sheets which assembles 
light through the condenser lens to the projection lens. 

Also, the incidence side and/or output side of the condenser lens 4 are aspherical 
surfaces designed so that the angle of incidence to the condenser lens, hght output from 
the light source, and the lighted area on the manuscript stand where the transmitted 
manuscript is placed satisfy the predetermined relation r (0) given by the following 
formula 4. 



In the above formula, 0max = maximum angle of incidence for the condenser lens; Rmax 
= maximum radius of illuminated area. 

[0010] The optical lighting system consists of a condenser lens with a spherical surface 
next to the light source; 

A Fresnel lens sheet with a Fresnel surface is placed in front of the condenser lens 
so that the angle of incidence of light from the light source and the illuminated area of the 
manuscript base satisfy the predetermined relation r (0) given by formula 4. 
[00 11 ] In this invention, the angle of incidence of light from the lamp is increased, and 
optical efficiency is improved. At the same time, the manuscript can be illuminated 
uniformly. 

[0012] 

(Examples of practice of this invention) 

In the following, specific examples of practice of this invention are explained in 
detail referring to figures. First, figure 10 is used to explain the concept of the optical 
lighting system in this invention. When the light source (lamp) is adopted as P, light 
bundles dO output at an angle 0 to 0 + d0 to the optical axis of the light source are 
indicated by the following formula 5. 
Formula 5 

dcD = 2 Tisin 0d0 

[0013] The area ds of the circular pattern projected onto a surface perpendicular to the 
optical axis is indicated by the following formula 6. 
Formula 6 

dS = 2 MR 

Accordingly, the intensity T on a circular ring R to R + dR is indicated by the following 
formula 7. 
Formula 7 



Formula 4 




^ = dd) / dS = sin ede / RdR 
[0014] When the intensity ^ given by formula 7 is fixed regardless of the angle 0, in 
other words, when lighting is uniform, the situation is described by formula 8. 
Formula 8 

sin 0de = kRdR. 

In this case however, K is a proportional coefficient (fixed). By integrating both sides, 
formula 9 is acquired. 
Formula 9 



(lower limits of integration were unclear in the original) 

[0015] When the following boundary conditions are applied: 
00 = 0 deg (parallel to optical axis) 

0 max = maximum angle of incidence deg 
Ro = 0 mm (matched with optical axis) 

R max = irradiated surface maximum radius mm. 

The result is formula 10 below. 
Formula 10 

r (0) = R max V 1 - cosO / 1 - cosG max 

If the condenser lens is designed following formula 10, the area inside the circle 
of maximum radius Rmax on the irradiated surface, in other words, the center of the 
manuscript base, can be uniformly illuminated. 

[0016] As will be explained later, for example, when the angle of incidence 0max is set 
at approximately 75°, if the condenser lens has a aspherical surface given by a higher- 
order polynomial (will be discussed later), formula 10 can be established. In formula 10, 
although the relationship between the maximum angle of incidence and maximum radius 
of the irradiated surface is shown, the aspherical shape can be set up in relation to various 
optical elements, for example, the distance between the lamp and surface of the 
condenser lens, placement of the projection lens, etc. 

[0017] Next, the 1^' example of practice of this invention is going to be explained. Figure 

1 shows one example of lighting equipment for an overhead projector in this invention. 
The lighting equipment shown in this figure consists of two condenser lenses 3, 4 in front 
of the lamp 1 and a spherical reflector 2. The outer perimeter of the lamp 1 is, for 
example, (|) 1 1 mm; both the input and output surfaces of the condenser lens are spherical; 
the input surface of the condenser lens 4 near the fi-ont side of the condenser lens 3 is 
spherical; the output surface is a aspherical surface described by a higher-order 
polynomial with predetermined coefficients (aspherical surface coefficients) calculated 
from formula 10. 

[0018] This higher-order polynomial will be as shown in formula 1 1 in the following. 
Formula 1 1 



Also, in formula 11, 

Z: sag on applied surface at height h from optical axis 
c: ratio of curvature of the spherical surface 
k: cone coefficient 

aj : aspherical surface coefficient (forth, sixth, — , eighteenth, twentieth coefficient) 

h: h^ = 

[0019] Also in this case, the maximum angle of incidence of the condenser lens 3 is 78 
degrees, the maximum radius of the irradiated surface is 199 mm, the projection distance 
from the output surface of the condenser 4 to the manuscript base 5, in other words, to the 
position where the image is formed, is 145 mm. One example of the optical 
characteristics of the condenser lens 4 in this case is shown in figure 2. In figure 2, 
surface 0 indicates the lamp 1; surface 1 indicates the input surface of the condenser lens 
3; surface 2 indicates the output surface of the condenser lens 3; surface 3 indicates the 
input surface of the condenser lens 4; and surface 4 indicates the output surface of the 
condenser lens 4. 

[0020] In the example shown in figure 1, the condenser lens 4 will become large with an 
effective diameter of the output surface of more than 100 mm. Therefore, as shown in 
formula 10, when the condenser lens has a wide angle of incidence, distortion on the 
spherical surface is increased. The relationship between the input angle U to Fresnel lens 
sheet is not a regular function of the output angle 0 and height h and the focal point will 
be different depending in height. Because of this, a so-called changeable focus Fresnel 
lens sheet becomes necessary. That is, following the above formula 10, when seen from 
the input side of the Fresnel lens (not shown in this figure), it becomes necessary to 
change the focal distance in accordance with the height h. 
[0021] In the following, the focal distance of the Fresnel lens sheet in this case is 
explained based on figure 3 and figure 4. In general, the light assembling part 6 of an 
overhead projector consists of a pair of Fresnel lens sheets. The Fresnel lens sheet 6a 
which on the input side (near the lamp) polarizes light parallel to the optical axis and then 
injects it to the Fresnel lens sheet 6b on the output side. Then light output from the 
Fresnel lens sheet 6b is incident onto the projection lens 7 with the input pupil placed at 
the focal distance. The focal distance necessary for the Fresnel lens sheet 6a is indicated 
in, for example, figure 3. Using rays incident from the lighting system at height h at 
angle U to the optical axis for example, the point z is where the rays cross the optical axis 
as seen from the input surface of the Fresnel lens sheet 6a as indicated in the following 
formula 12. 
Formula 12 

z = - h / tan U 

[0022] That is, from point z on the optical axis of the Fresnel lens sheet 6a, rays at angle 
U reach point h on the Fresnel lens sheet 6a. Then, the Fresnel lens sheet 6a polarizes the 
rays parallel to the optical axis. Because of this, the focal distance f of the Fresnel lens 



sheet 6a can be defined as f = z. In this case, the relationship between the height h and 
necessary focal distance (f = z) using formula 12 in the above is shown in figure 5. 
[0023] Figure 5 shows the height h of the rays in the direction of the horizontal axis and 
the focal distance necessary for the Fresnel lens sheet 6a in the direction of the vertical 
axis. According to the table shown in this figure, the focal distance f of the Fresnel lens 
sheet 6a depends on the height h of the incident rays. In other words, the height h 
becomes higher, the Fresnel lens sheet 6a must have a longer focal distance. One 
example of the optical characteristics of the Fresnel lens sheet 6a in this case is shown in 
figure 6. Accordingly, changing the focal distance f of the Fresnel lens sheet 6a in 
accordance with the height h can be easily done by changing the angle of the Fresnel 
surface formed on the Fresnel lens sheet 6a. 

[0024] Meanwhile, for example, when a high power metal halide lamp such as 
approximately 575 X is used, in order to the keep the lamp temperature stable, a 
construction with a 28 mm ^ transparent glass tube around the light emitting ball is 
required. In this case, as shown in figure 1 , if two or more condenser lenses are used, it is 
necessary for the second lens to have a larger radius. Therefore, acquiring and processing 
of glass will be very difficult. Because of this, for example, by replacing one of the 
condenser lenses with a Fresnel lens sheet, it becomes possible to design a condenser lens 
where the above formula 10 is established. 

[0025] Figure 7 shows an example that uses a Fresnel lens sheet with a changeable focus 
instead of a condenser lens. This is going to be explained as a second example of 
practice. In the lighting equipment shown in this figure, a condenser lens 13 is placed in 
front of the lamp 1 1 and the spherical reflector 12. In addition, a Fresnel lens sheet 15 is 
placed further in front. There is a flat glass plate 14 for blocking heat. The Fresnel lens 
sheet 15 is placed so that the flat side is toward the lamp 11. 

[0026] The lamp 1 1 consists of, for example, a double cylindrical tube with 28 mm ^. 
Both the input surface and output surfaces of the condenser lens 13 are spherical surfaces. 
The input surface of the Fresnel lens sheet 15 is flat. For example, as shown in figure 8, 

the angled part of the output surface (Fresnel surface) 15a, 15a is inclined at an 

angle 9 determined from the higher order polynomial with predetermined coefficients 
(Fresnel surface coefficients) found from formula 10. An example of this higher order 
polynomial, for example, is formula 13 in the following. 
Formula 13 



In the above formula, 

9: inclination angle of Fresnel surface 

mj: surface coefficient of Fresnel surface (j = 0,l to 9) 

h: h' = x'+f 

The Fresnel surface coefficients above are found from the relation between the maximum 
angle of incidence and maximum radius of the irradiated surface according to formula 10. 
However, in additon to this, they may be determined from other optical parameters such 



as the distance between the condenser lens 13 and the Fresnel lens sheet 15, the distance 
between the Fresnel lens sheet 15 and manuscript base, etc. 

[0027] The flat plate glass 14 and Fresnel lens sheet 15 form a ventilation passage 16 for 
cooled air in order to improve cooling. This ventilation passage 16 is approximately 5 
mm wide, for example. 

[0028] Figure 7 shows a design for a 75 degree maximum input angle, 189 mm 
maximum radius. The maximum effective radius of the Fresnel lens sheet must be 1 10 
mm. This is in the range of sizes that can be molded. The optical characteristics of the 
Fresnel lens sheet 15 with the flat plate glass in this case are shown in figure 9. In figure 
9, surface 0 indicates the lamp 11; surface 1 indicates the input surface of the condenser 
lens 13; surface 2 indicates the output surface of condenser lens 13; surface 3 indicates 
the input surface of the flat glass plate 14; surface 4 indicates the output surface of the 
flat glass plate 14; surface 5 indicates the input surface of the Fresnel lens sheet 15; and 
surface 6 indicates the output surface of the Fresnel lens sheet 15. In addition, a light 
assembling part 6 (Fresnel lens sheet 6a, 6b) is placed in front of the Fresnel lens sheet 
15, the same as the case shown in figure 3. Similar to figure 4 and figure 5, the height h 
of the input surface of the Fresnel lens sheet 6a corresponds to the focal distance. 
[0029] Using two condenser lenses as in the first example of practice and one condenser 
lens and one Fresnel lens sheet in the second example of practice was explained by listing 
various combinations of multiple optical elements. However, it is also possible use only 
one condenser lens. Furthermore, the surface which consists of the aspherical surface or 
inclined surface in formula 10 can be used in the design of other overhead projector 
devices. 

[0030] 

(Effects of this invention) 

As explained above, according to this invention, the angle of incidence of light 
from the lamp is increased, and optical efficiency is improved. At the same time, the 
manuscript base can be irradiated uniformly. By this, the manuscript placed on the 
manuscript base can be illuminated efficiently. Therefore, by using the lighting 
equipment of this invention for overhead projector devices, etc., it is possible to form a 
good image with uniform brightness while controlling hot spots. 

(Simple explanation of figures) 

Figure 1 : construction of lighting equipment in the first example of practice of this 
invention 

Figure 2: one example of optical elements of the condenser lens of the first example of 
practice 

Figure 3: principle of the Fresnel lens sheet used in the light assembling part 

Figure 4: focal distance of the Fresnel lens sheet on the input side of the light assembling 

part 

Figure 5: relationship between incident rays and the focal distance of the Fresnel lens 
sheet in figure 4 

Figure 6: one example of optical elements of the Fresnel lens sheet in figure 4 
Figure 7: construction of lighting equipment of the second example of practice of this 
invention 



Figure 8: inclination angle of the Fresnel lens sheet in the second example of practice 
Figure 9: one example optical elements of the Fresnel lens sheet of the second example of 

practice 

Figure 10: abstract of the optical lighting system of the examples of practice of this 
invention 

Figure 1 1 : example of an overhead projector of the prior art 

Figure 12: optical lighting system of the overhead projector device in figure 1 1 

(Explanation of symbols) 

1,11: lamp, 

2, 12: reflector, 

3, 4, 13: condenser lens, 

5: projection lens, 

6: light assembling part 6a, 6b, 

14: flat glass plate 

15: Fresnel lens sheet 

16: ventilation passage 

Figure 1 Figure 4 
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W**AltLfcffllt«<07 ^;^/n-yXv- h fiiSffi 
^4 6[c|BB$n50HPi/-h (E^^-f) SrSilL 

g^^uvX4 7K*3fe-f-5J;5^-^^^■Cv^5, OHP^y 
-b^SiiL/c*f4S^^>'X4 7-e*£A$ttT. ^ P> 
(r. ©^uvX4 7ro±;^irE«$ttv^SilT'9iSL5 7 
-4 8lcJ;oT^<D3feS;a5}j[^*3pi;;'<C5J; 5{-Hlt$ 

^^Tf^x.«li7i^fl^»^tP,^^-c^^5^^!J-:/49^^fe 
[0 00 6] Bi 1 2 izmmmm^m^itAXL.x^-r. 

^#:^fg^14^»o.^J3tMtigSLr. yy:/42(D^ 

'L^t^h='>'7'>^u>:<4 4(Dm^mKAM-r6tftm(D 
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[ic2] 

3) -^mt>i-:iti>x-^?>o 

[00 0 7] J'i*!, =^(^^^^2.5, K7»D ^ ^ 

g|l 1 }^*LfcMmff4 6 tS*t^J^!'5gt5:-t-?> 

w. ^ "ih^m I 2 fsea© t -r 5 r t «ST*t a, 

[0 0 0 8] 

[ISBJ!^s(^fj*LJ:5t-r5llHl ft*©^- 
(4'5 3~6 5° (42 0~3 0 

?)j2.^^9^*^T-«x.«»^9 0° i:-r^ii:;a^^tgi: 
0%Sfii:1-5ii::SS-et'5„ 
L^^L. *<D=ffSbfijffl^#a:LTSfi9 3i*:fte^9 0° 

[0 0 0 9] 

(»4) (::*3V^TBff^»lll#r (9) t^i5^«ffiT-« 
[ic4] 



Rm a X =MMa®SA^g 
[0 0 10] Sfc, #IfBM?^*^»H, ifrlB3feSlfl5(-g| 

T^vf-u^xi. ifjta:3>-7=Vf-i':/X(Z)|fr;^(t. tfrta 

n-ri>mMmmi>-±.m (^4) iii3v^-rBf£®M«r 
(e) t/£57i/^/i^ffi^^ri-57i/^/n^vx>- h 

[0 0 1 1] 7:^:/;!)^bWM$tv5* 
©St 'O 72,^n < L-C*^«i/i^*SrrRl J1I-5 1 1 

[0012] 

5o 01 0{cLfc;a5v>7^^^lci3(t5P,B^3¥;^3S 

*«)*^5l»©it^^!ftBJ-r5o *M (Dim 

[i:5] 

[0 0 13] -^1^^m^^P&^li^\c1i^m^n?>Fi 
me] 



oW* _ sin 6 



[0 0 14] m?) \c^n?>^M^&^i)m^eKm 
io^-r-^xh^. -r^£i^hi^-^mmiimf£i^nx\^^ 

[i:8] 

Xh^o tcfcLK^^Mim -efeSo 
<7)MH^«5)-L-C («9) ^#5, 
[«9] 



[0 0 



f^\mede= KfRdR + 



c 



r(0 = /?max 



It. 



1 -cos6' 



if 

0 0 = 0 d e g 

9 m a X =*::'c5l !9 ih^-^ d e g 
Ro =Omm 

Rm a X =m^mm±^'mmm 
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t-r?>t mi 0) tf£^. 
mi 0] 



r($) = R max J- 

(ft 10) ^5j^5Sroj;5V-:5?^?v>'X^igff-r 

^ SB (c: 4o (t 5 M^S-^ CD 4^ i^$|S4>^^ b /cC 5 MM 
MRm a X WRrt Sr^-}Cffi?^1-5 i 5 J; 5 

[0 0 16] m5$1-5J;5}c, ^;tff8jf5 3Z.*^ema 

^5*1- 5 ^(c X'oXm*-^^4¥^mi:mMi-^ 

rtt^ioT (ftlO) :aSfig"9iEoJ;5Sc^^5„ ^<Cjb\ 

[0 0 17] 7kic, ^mmm-<DmM(Dmm^m.m-r 

So 7>'>^iro^^@SrM;tff0 1 1mm. a^/r'^/iM/ 
AMffi^^ffi. WWffi^ (ftlO) (CioT»|iS^ttfc 
[0 0 18] r©ie^#]SS:tL-C«. (fcl 

1) ic*-ri5i-i^iSo 

[fCl 1] 

Z : *ltt!5>bi«ShT'(D^affiC0f-i/ 
c : »^«ffiCDft* 

k : nit#st 

aj: #^«ffi«ic (4^, 62fe- •~18^. 2 02fe 

«ft) 

h : =x^ +y'' 

[0 0 19] rcoJ^^, :n>'7^>'f-v->'X3CDft 

;'c5l!P3Zi^^|7 sa. Mltffi**^@l 9 9mm. 

^5. ^^£*3tH«^5ji^fig$ti.5lim4r'CDS'?iEBil 



u a2^>l^3l/^T. ffi#-^ott7>-/i, ffi#-^i, « 

ri>'T'>'f-lx^-X3©AWffi. ffi#-§-2ii=J>'xVf-W 

ffi. ffi#-§-4(±=i>'7^yf-wyX4©aMffi^^bTV^ 

5„ 

[0 0 2 0] i:r6T\ 01(i*-r«^S^r|-m=J^-x> 
ii-W>'X4ii:. ^-CDttiltffi(Z)^3!jt£ft;iSi 0 Omm^S 

10) (c^L-/cJ;5(-. 5i9ji^:ftroji£v>3V7'>'f-v 
vX^Ktfi-5t«ffij|X^;i5;k:t<>^cS„ initio 

ML-t-S(c^^fcT> AMM^imhXm^^^^fcMM^ 
Jtofciti, v^t5i^2)'5r^:i;'^>®7w^;n/>-X->— ht'^ 
(ftlO) ;5Sfi!cS:-r53t«[4. ^ 
o El L r V ^ V it 5 AMW © 7 w;^^ ;v 

u^x;y-h;s^e>i,5t. AM^(Dm^hicmzxm^ 

[0 0 2 1] £iT. rco:^-^co7w;^/vuyXiy— 
^l.^^.£gSli::ov^rgl3. g] 4 (c Lfc^^orfftPJ-rS, - 

!4-*i-c7)-7 U:^^/VU>'Xiy-hX'mj^iShXio'0^ 7 V 
yfliJl^Sag^^xSAItWCD^W-^VH'^X^— h 6 a t* 

WWIiro^ l/^/H/^^X->- h 6 b lCAM$-1i-CV^-5« 
*L-C>'I/Jt^/H/>'X->- b 6 bd^e^WMLfc^t^fS, 
^(7?»,.>^.ggBt!'AWt/i«g^ix5 J: 5 i'^l^rv^?,S: 

^m/:xX7 l^iAW-rSc, '^xy U'^-^uu'>rXiy~ h 6 

Wt-5^ll5rf^(i^tf5t. 7w^/vwyXv-b 6 a 
©Altffi^^e.aT^®*^:dS7fe*i:34:b5.^z}± (#:1 
2) t LT*-rrt:asr't5o 
[icl 2] 

^ A_ 

tanU 

[0 0 2 2] 7^;!;/H/i^Xi/-h6 aCDJt 

u^/uu:y:^i^—h6ii(Dm^h(Dmcmmi.x. yu 
^/VUVX'>- h 6 a (Df-^fflir J; i9 3tllfl{C3p^T!^<C*«{- 
filRj^ttSo L/c^5o-C. 7 l^^/H/VXiy— h 6 a 

mi 2) ^fflv^TA«-i^$llti^^^s^sji;^^6ilf (f = 

z) CDS#?rBl5(c^-r„ 

[0 0 2 3] ms im^:ijmzAM^m(Dm mm 

1;m-cy^^;vv:y^-y- V 6 a t,£^.S?5;».;^.?gllltr^ 
LTv^ao ^<Dm\^^^fix\^^mci.'o . yv^-~;vv 

VXi/- b 6 a co:t.^JSESf f (±Alt)tll«;« ;^ h (CJS C 
r^S-r5i£^^^;ass,5- t^sfiJS. ■r/.efc^.. AttJtH 
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Xi/- h 6 a ©Tt-^MTcO-^tJ^gl 6 iC^-To ^(OXO 

\z.y u^^;vv>:Xi^~ h 6 a (D^M-m^ f Sr3tai^$ h 

h 6 a iiJfM^t^T^^5 7^-^/^fficD«#4:ft^'^x.Sr 
[0 0 2 4] tT.hX\ LT^J;t«»5 7 5W 

8 mmwaHJ^yxW-eiSofc 2fi«3g^ 1 5 J; 5 ''ceW 

ft * vt i4 2 ftJi^_h w 3 :^f^i/f - w i^X4r»^^fc'-&fc« 

T^yf-i-yX^^ w^/v^yXi/- KcBi^i^tx.T«^ 
•farticii), (ifci 0) ^S^^StOinVT^Vf-UV 

X^^f+-rSrt:iS-t:-^5„ 

[0 0 2 5] £XT. [l7^c:Lfc^s^^. *:^PJ!«m-«^ 

^ 1 2 cDtti*-;-. =3>-7=viM-yxi s^iaeu 
[0 0 2 6] yyyi imi^i-£2 m<wmmx'^%ffi 0 

XI AWffi. W#^ffit^>«ffi^cJ;l9«fig$^^-CV^ 
(ici 0) i^ioT^febtiSgrSw-^fcffi 

5ff#4 9 (7 u;tvwE) 15a. 15a 

• • • ' f)m^^nx\^'^o ^(DM^^m^tL-xit. 

mx.it mi 3) }^^1-J;5i->^cSo 
[iCl 3] 

9 

fib. (»l 3) ^c^o^^T. 

m j : y I^^/VS^l: ( j = 0, 1 ~ 9 ) 
h : +y2 

T-feSo ^i4b\ ±fB7I/^yVffi#ic{i (»10) (Cio 

r©ftti(cfcFJx.(4*=ii/7=Vf-^^Xi 3^^b 



t(Dmmxm&ir6 ^th^mxh^o 

[0 0 2 7] ^m:ffyy^ 1 Ahy u:^;VUyX'y— Y 1 

i5!-^Jx.«5mmm*«RgBt$tL5aSiiSl 6 

[0 0 2 8] El 7 i::*-r^[|T:i4. SAK 'O jA*^ 7 5 
MltSA^Sl 8 9mmT'^f^-^TV^5. ::CDB§, 
7 ^;^^/^^^^X^^- b 1 5 (D^V^^^Wit 1 1 0 mm 

■ifMbfi^t\ y u:^;v(D^m.^y(:Kh \.xn.%^mm 

u^;vyy:Xiy~ Y 1 5 <D^^m7t<D-m^m 9 Ktt^ 

-fo fi-L. H9(i$3v^r. ^^^■on.yyy\ 1, ffi# 

-^1 tt^^^T^Vf-i^^xXl 3®Aitffi. ffi#-^2{i;3>- 
T^VlMx^^Xi 3©K«-ffi, ffiS-^3ttipS:*f9;^ 1 4 
oAWffi. ffi#^4iS¥S;^f7;^ 1 4cDa«-ffi. B#-^ 
5 f47 u;^^/VuyXv'- M 5 ® AWffi, ffi#-§-6 {47 
u;^^/VUVXv'-M 5coal^ffi%^tLrv^5o Sfe 
ir, :L(DW!^h. yy:^-/vyy:X'y—Y I 5(Dm1lK\t. 
m 3 ir^j^ LfciJ^ i: 6 (7 i- t^/v 1^ ^-Xv- 

-h6a, 6 b) ;^5|a^$^5;j5, g]4, 0 5 T?EI3fl L 
/c^^i l/^/H^ VX>>- h 6 a (DAItSi-*f 

i-5A*t)tco]^S h t«.^CIEil^m$-iir5i 5 (--f 
[0 0 2 9] ^'idbN ±|B^-ro*Jiroj]^ffi-e!4 2tt(D=< 

fyfyyXt i^(Dyy:^;uyy^'y— h i:v^5 J: 5 
xmm Lfrfj\ FJx.« 1 mo=iyy'y^yyXxmi^'t 

mmcii:^cxwt&-r?>^tm^mxh6o 

[0 0 3 0] 

mm(Dmm mmLtcxoic^mmn. yy^ 

mm^imm^fix^^mMmm^^m$,<mm-r6^ 
y YmM^m\Lxm^b!b(Dt£\,^^m£m^^mm-r 

?>:iti^^X^^X^l::t£^o 

imz] m-<^m-m(Dmm<D=iyy'y^uy:^(D^^m 

[0 3] mytu^mi^-r^y u:^/V'uy;^i^~ Yomm 
^mm-r?>mxh?>. 
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[04] *)fct|5®Alt«7 u:^;UUyXiy- h (DMMM 

m7] :^mm<Dm~<Dmmmm(Dmmmu(Dm^^ 

[S9] m=.<Dmm<DMm(Dyu:^/vu:y:Xi^-h(Dyt 



1 2] 01 Hci^-r:t~y^ K7't3v?a.^'^?S 

, 11 yyzf. 2, 12 y^i/^'^, 3, 4, 1 
a, 6b, 14 15 yu:^/uuyyC 

— V. 16 asK 



il] 



[04] 



|7U*ILL->X^-H 6a 



3 d>?>t»-L->:s;) 

4 tavx^-tH^^XI 




1.e2671E-28 
O.ODOOOE+00 
O.QOQOOE»00 



[03] 



[08] 




ime] 



[010] 




[Bll 1] 



[Sll 2] 




